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THE PRINCIPLES OF GENE DISTRIBUTION IN
HUMAN POPULATIONS
LAURENCE H. SNYDER
It is peculiarly gratifying to me to be asked to talk on this topic to
a group of physicians and physicians-to-be. The development of the
science of medical genetics has long been my close concern. Since the
advancement of this field of reasearch must depend primarily on the
interest and cooperation of the medical profession, I am always pleased
with the opportunity for the exchange of ideas between the physician
and the geneticist. I am particularly pleased with the choice of the
subject you have assigned me tonight, since it is one in which there
has been considerable misunderstanding which has retarded the ap-
preciation ofthe value ofgenetics to medicine.
The principles of heredity so extensively formulated during the
first part of the present century were developed as a result of experi-
mental laboratory methods. Under such situations, where selection and
inbreeding can be practised freely, the genotypes in each mating can be
controlled and through examination of the resulting Mendelian ratios,
the mode of inheritance of a particular variation may be determined. In
the study of human inheritance, however, the genotypes are in many
casescapableonlyofincompletespecification, so thateven well-classified
data will often contain mixtures of different types of matings.
Under such circumstances, involving large populations breeding
more or less at random, there emerges an importance of certain concepts
which are relatively unimportant in laboratory genetics. These concepts
include the proportions in the population of a gene and of its alleles,
and of the genotypes formed by a gene and its alleles. Thus the study of
human inheritance is essentially a studyof population genetics.
Population genetics is itself a highly complicated subject, and one
which could not be adequately covered in an evening's lecture. I shall
restrictmyself, therefore, to several basic and importantprinciples which
underlie this science, and which are essential to an understanding of
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human and medical genetics. Many letters on questions of human in-
heritance come to my desk from physicians, and I shall draw upon some
of these letters to indicate the very real problems which arise in the
minds of medical men in regard to population genetics. I have chosen
five principles which I consider fundamental, and I shall discuss each
one, with suitable illustrations of direct application to the physician.
1. In a large population, with negligible or balancing effects of
mutation, selection, and migration, the proportions of the alleles of any
set will remain constant from generation to generation. Under a system
of random mating, the proportions of the genotypes, and usually there-
fore of the traits resulting from these genotypes, will likewise remain
constant.
One of the most common fallacies in regard to genetics is that a
character dependent upon a dominant gene will in time increase in
proportion in a population merely because of the dominance of the
gene concerned. Let me quote from a letter I recently received from a
physician in one of our larger medical schools.
Dear Sir:
I have a question about which I would like your opinion. Doubtless
you have been following the work on the Rh factor of erythrocytes.
I find two statements made which I have not been able to digest, and
I wish to do so for a book which I am writing. (1) Eighty-five per cent
of people are Rh positive and fifteen per cent are Rh negative. (2) The
Rh factor is transmitted on the basis of a simple dominant gene.
Thus, if but one in seven is Rh negative, the chance of a fetus being
Rh negative is but one in forty-nine, and therefore only about two
per cent of the population would be Rh negative in the next generation,
and so on until all were Rh positive. Yet the fifteen per cent seems to
be a definite figure, since it is the same in older and younger people.
Obviously something is wrong and I don't know how to solve it.
Thanking you in advance for your help, I am
Yours very sincerely,
Something is indeed wrong. What is wrong here is that the writer
of the letter failed to consider the fact that Rh negative individuals are
born from several types of matings in addition to that of two Rh nega-
tive parents. Let us consider a pair of alleles, R, a dominant gene pro-
ducing antigen Rh, and r, its recessive allele not producing antigen Rh.
Leaving out for purposes of this discussion the possibility of other
alleles in this set, and considering just R and r, individuals in a popula-
tion may be of the genotypes RR or Rr (Rh positive) or rr (Rh nega-
tive). IfR alleles occur inthepopulationwith acertain proportion p, and
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r alleles with a proportion q, then p + q = 1, and the population under
a system of random mating will be in the equilibrium ratio of p2RR:
2pqRr: q2rr. Since in the past, at least, persons have not picked mates
because of their Rh factors, we may safely assume that mating in regard
to this factor has been at random.
To show how this equilibrium ratio comes about, consider the
following facts. If the proportion of R genes in the population is p
and the proportion of r genes is q, then of the sperms produced p will
contain R and q will contain r. Likewise of the eggs produced p will
contain R, and q will contain r. The random union of sperms and eggs
in the population would be as follows:
Sperms
p q
_ _ _ _ _ ~~~R
7
p p2 pq
Eggs R RR R2
r Rr fq
7 Rr 77
Itwillbeseen thatRR individuals will occur in the resulting genera-
tion in the proportion p2, Rr individuals in the proportion 2pq, and rr
individuals in the proportion q2. To prove that this ratio of p2RR
2pqRr : q rr is truly an equilibrium ratio and will not change from
generation to generation, let us see what proportions of R and r gametes
would be produced by this generation. The RR individuals will produce
only R gametes, while the Rr individuals will produce gametes half of
which contain R and half of which contain r. The rr individuals will
produce only r gametes. The proportion of R gametes will therefore
be p2+½/2 (2 pq) = p22+pq = p(p + q) = p. The proportion of r
gametes will be ½12(2pq) + q2 = pq + q2 = q(p + q) = q. This
generation will thus produce R gametes and r gametes in the ratio p:q,
which is the same as the ratio in the preceding generation, and will
result again in a new generation of individuals in the proportions
p2RR: 2pqRr: 2rr.
Ofthethreegenotypes, RR andRrwill result in Rhpositive persons,
and rr in Rh negative persons. Knowing the proportions of these two
types of people in a population, it is easy to calculate the values of p
and q. Since q2 is the proportion of Rh negative individuals in the
population, q will be the square root of this proportion. Hence q-
V/ 0.15 = 0.3873, and p = 1 - q = 0.6127. This means that about 61
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per centof all the genes for the Rh blood types in the population are R,
and about 39 per cent are r. Then RR individuals will occur in the pro-
portion p2, or 0.375, Rr individuals in the proportion 2pq, or 0.475, and
rr individuals, of course, in the proportion q2, or 0.15.
Returning now to the question in the letter which initiated this
discussion, we may calculate specifically the proportion of Rh negative
individuals (rr) to be expected in the next generation. Random matings
in the present generation will occur as follows:
Men
.375 RR .475 Rr .150rr
.375 RR a b c
Women .475Rr d e f
.2256 .0711
.150rr g h
_.0711 .0225
The squares in the diagram have been marked with letters, a, b, c,
etc. for ready reference. Square i contains the offspring from matings
of two Rh negative parents, all of whom will be Rh negative. Since
such matings make up 0.0225 of all matings, they will produce 0.0225
of the children of the next generation. These are the Rh negative
children of whom the writer of the letter was thinking. They are not,
however, the only Rh negative children to appear. Examination of the
diagram will show that half of the children in squares f and h will be
expected to be Rh negative, as well as a quarter of the children in
square e. Thus the total proportion of Rh negative children to be ex-
pected in the next generation is ¼ (0.2256) + ½ (0.0711) +
½2(0.0711) + 0.0225, which adds up to 0.15. This is the same pro-
portion of rr individuals as that of the parental generation. By filling in
the remaining squares and summing the proportions of RR and Rr
children, it will be seen that they too will be expected to occur in pro-
portions identical with those of the same genotypes in the parental
generation.
An interesting sidelight on this particular example is that there is
a slight selective action involved in the fact that Rh positive children
from Rh negative mothers may develop erythroblastosis and die. Such
children are heterozygous, Rr, and therefore their death removes from
the population equal numbers of R and r. Because r is somewhat less
common in the population than R, a greater proportion of r is removedGENE DISTRIBUTION IN HUMAN POPULATIONS
in this way than of R. The result is that R will actually increase slightly
in proportion from generation to generation as long as such selection
persists, but only for this reason, and not because of anything inherent
in its dominance.
The belief expressed in the letter, that traits dependent upon
dominant genes will increase at the expense of alternate traits due to
recessive genes, is all too prevalent. I recently overheard the statement
that alkaptonuria is due to a recessive factor, which accounts for its
rarity. True enough, alkaptonuria is the result of a recessive factor, but
that fact has no bearing on its rare occurrence in the population. The
rarity is due simply to the fact that the proportion of the recessive gene
concerned is small. Blood group 0 is also the result of a recessive gene,
yet it is the most cbmmon of the groups, and is not becoming any less
common. Oval erythrocytes are the result of a dominant factor, yet the
condition is rare, and will undoubtedly remain rare.
It will be noted that the first basic principle was stated under con-
ditions of random mating, and with negligible or balancing effects of
mutation, selection, and migration. Extensions of this principle would
involve a discussion of the manner and rate in which each of these
influences could change the proportion of a trait in the population. Such
discussions are beyond the scope of the present lecture, and the condi-
tion stipulated for the first principle will be assumed for the following
principles as well.
2. Classical Mendelian ratios are to be found within a family, or
within a collection of families in which the parents in any one family
are genotypically identical with the parents in any other family. Such
ratios are not to be expected, however, in random samples from a free-
breeding population, nor even necessarily among the offspring of a
series offamilies where the parents in any onefamily are phenotypically
identical with the parents in any other family.
Again there is widespread misunderstanding on this point. Let me
illustrate by another letter, this time from the head of a large city
blood bank.
Dear Sir,
Our local Red Cross Blood Donor Clinic has been a very active one
for the past several years, and thousands of donations have been made.
For each, the donor's blood group has been determined. At present
the results are as follows: AB, 3%; A, 41%; B, 10%; 0, 46%. These
ratios are difficult to understand if we assume the action of dominance,
independent assortment, random segration, and the like. I wonder if
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you have any simple explanation for this phenomenon. Why is it not
something like a simple 9:3:3: 1 ratio? Hoping you can help me, I am
Yours very sincerely,
If you have followed my trend of thought thus fat, you will realize
that the proportions of the four blood groups in the population will
depend upon the proportions of the genes responsible for the groups.
In the case of a single pair of alleles, these proportions could be, as we
have seen, any two values which add up to one. If we call these values
p and q, respectively, then the proportion of individuals showing the
dominant trait will be p2 + 2pq, and the proportion of individuals
showing the recessive trait will be q2. The proportions of these in-
dividuals will be large or small, as the proportions of the two alleles
are, respectively, largeorsmall. Only in thechildren of two heterozygous
parents will the simple one-factor ratio of 3:1 be expected.
Similarly in a two-factor cross, the familiar F2 ratio of 9:3:3:1
will be possible only in the offspring of two parents heterozygous for
both pairs of factors. Other matings will give other proportions of the
various kinds of offspring, and the entire population will be a mixture
of many individual ratios. The final ratio must be expressed in terms of
the population proportions of the various genes concerned.
As a matter of fact, the A-B blood groups are not inherited as two
pairs of factors, but as a series of three alleles, so that the 9:3:3:1
ratio could not occur in any event. Letting A represent the gene for the
production of antigen A, aB the gene for the production of antigen B,
and a the gene for the absence of antigen production, the genotypes of
the four blood groups would be as follows:
Group 0, aa
Group A, AA, Aa
Group B, a/aI, aBa
Group AB, A/B
If now we let p represent the proportion of A, q the proportion of
/, and r the proportion of a, then p + q + r 1 and the four groups
will occur in thepopulation in the following proportions:
Group 0, r2
Group A, p2 + 2pr
Group B, q2 + 2qr
Group AB, 2pq
The values of p, q, and r may be determined for any population as
follows:
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p = 1 -V groups 0 + B
q 1 V groups 0 + A
r V group 0
In the population cited, p = 0.255, q = 0.070, r = 0.678. The
particular proportions of the four blood groups in this population are
simply functions of these values of p, q, and r. Other populations may
have different values of p, q, and r, and hence different proportions of
the four groups. Under the conditions specified for the first principle,
however, the proportions of the four groups in any population will
remain constant from generation to generation in whatever proportions
they happen to be. The proportions in which they "happen to be" are of
course in any case determined by the past history of the population in
terms of mutation, selection, migration, isolation, and random drift of
gene proportions.
It is, then, a cardinal principle that Mendelian ratios are not to be
expected in a random sample of a free-breeding population. Yet mis-
statements based on the failure to recognize this principle are con-
tinually appearing. An authoritative book on handedness contains the
statement that left handedness occurs in 25 per cent of the population,
which indicates that it is a Mendelian recessive. The author of a recent
comprehensive treatise on human genetics even goes so far as to suggest
that something is wrong with the technic of testing for the M-N blood
types, because the results in a large population were not 25 per cent
type M, 50 per cent type MN, and 25 per cent type N. Many other
similar misstatements could be cited. It behooves the physician to
recognize the fallacies in such statements and to refrain from accepting
or repeating them.
3. Although classicalMendelianratiosarenotto be expectedamong
the offspringin a collection offamilies where the parents are of variable
genotypes, eventhough of identicalphenotypes, nevertheless predictable
ratios do occur under such situations. These ratios may be thought of as
"population ratios," in contrast to "Mendelian ratios." They depend on
theproportions inthegeneralpopulation ofthe individual alleles of any
set, and the ratios vary as these proportions vary.
I have before me a letter which I once received from Dr. William
Allan, who, before his untimely death, accomplished so much for
medical genetics. It reads as follows:
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Dear Sir,
I have been studying migraine and its inheritance in the population
of Western North Carolina. My results seem to indicate that migraine
is due to a dominant factor. When both parents are free from migraine,
the children are practically always free. When both parents have
migraine, however, the children sometimes do not have it. My results
are as follows:
Parents Children
Migraine Normal
Migraine x Migraine 0.833 0.167
Migraine x Normal 0.610 0.390
Normal x Normal 0.010 0.990
Accepting the small percentage of migrainous children from two
normal parents as probably due to illegitimacy or to the subjective
nature of the phenomenon, I am puzzled by the results in the other
types of families. When both parents are migrainous, I do not get the
F2 ratio of 3:1, but nearer to 5: 1. When one parent is migrainous and
the other is normal, I do not get the back-cross ratio of 1: 1, but more
nearly 2:1. Does this mean that I do not have the right to consider
migraine as a simple dominant? I would be glad to have the mote
removed from my eye if you can do it. The overall incidence of
migraine in this population is 60%.
Sincerely yours,
It is not necessary to abandon the hypothesis of a simple dominant
gene for migraine because of the lack of simple Mendelian ratios in
the progeny of the two kinds of matings which are under discussion.
Such ratios are in fact not to be expected, because actually these two
classes of matings are each composed of more than one kind from the
standpoint of genotypes. Hence the final ratio will be a mixture of
several "Mendelian" ratios.
To be specific, let us designate the proportion of gene M, producing
migraine, asp, and theproportion ofits recessive allele m, resulting in no
migraine, as q. Then p + q = 1. Migrainous persons may be MM,
occurring in the proportion p2, or Mm, occurring in the proportion 2pq.
Non-migrainous individuals will be mm, occurring in the proportion q2.
Matings between two migrainous parents may then be of various
kinds, involving respectively homozygous with homozygous, homo-
zygous with heterozygous, and heterozygous with heterozygous. Within
2 2pq
the migrainous, p2 + 2pq will be homozygous, and p2p+2pq
will beheterozygous. The only recessive (non-migrainous) offspringpro-
duced in matings between dominant (migrainous) parents will be one
quarter of the offspring of two heterozygous parents. The proportion of
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__2pq 12
these recessive offspring to be expected is thus 4 (2-+ 2pq J
( iiq )2.
1 + q
It will be recalled that q is derived as the square root of the pro-
portion of recessive individuals in the population. Since 40 per cent
of this population are non-migrainous, q = V 0.40 = 0.632, and
1 q 0.150. This is reasonably close to the proportion of
0.167 which Dr. Allan observed.
Similarly, matings of migrainous with normal may be of two kinds:
homozygous migrainous with normal, and heterozygous migrainous
with normal. The only normal offspring to be expected are half of the
offspring of matings of heterozygous migrainous with normal. This
proportion will be 2 -2pq = q ). Substitutingthe value
q = 0.632, we find that we would expect normal offspring in the
proportion of 0.387. This, too, agrees very well with the observed
proportion of 0.390.
Thus, although we do not expect to get classical Mendelian ratios
in the offspring of phenotypically classified matings, we do expect
predictable ratios which we may call population ratios. In a population
having adifferent incidence ofmigraine, q would be different, and hence
1+ q and ( 1 q ) would alsobe different.
Similar population ratios and other statistics based on gene pro-
portions may be derived for various types of genetic behavior. For
discussions of some of these ratios, those interested may consult
Snyder,22 23 Cotterman and Snyder,8 Cotterman,6 Hogben,15 and
Snyder.24
4. The comparison ofpredicted and observed population ratios may
serve as a basisfor estimating the number and kind of genes responsible
for a hereditary variation in a population, just as the comparison of
predicted and observed Mendelian ratios may serve as a basis for es-
timating the number and kind of genes involved in a laboratory ex-
periment.
In the example cited in connection with the preceding principle, in-
volving the inheritance of migraine, the observed and predicted
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proportions of recessive offspring were in each instance very close.
If these proportions are not significantly different, this fact may be
taken as evidence for the tenability of the hypothesis of a single pair of
autosomal genes responsible for the variation in the trait.
In 1931 it was simultaneously and independently announced from
my laboratory and from that of Blakeslee that the inability to taste
phenyl-thio-carbamide was apparently the result of a recessive gene.
These first results were based upon the non-statistical inspection of a
series of family histories. In 1932 and 1934 I confirmed these results
with a much larger group of families, using as further evidence an
analysis of the material based on the proportions of the genes in the
population. Ideveloped formulaeforthestandarderrorsofthefunctions,
as follows:
q
2 (1 -q) / q ** \ l++q |1 (+q)2 V N(1 2)
S.E q )(1-q) / 1
S. E I( 1+ = 2 (1 + q) V N (1-q2)
where N = total number of individuals used in deriving the value of q.
Applying these standard errors to the proportions of offspring in the
foregoing families of migraine, the differences between observed and
calculated values are found to be non-significant.
Below are presented data on 1000 families including 545 matings
of taster with taster, 363 of taster with non-taster, and 92 of non-taster
with non-taster. The population incidence of taste deficiency was 0.287,
so that q had a value of 0.536. It will be seen that the deviations of the
calculated values from theobserved are non-significant. Thus population
ratios have been utilized for the determination of the genetic basis for a
trait in a population in a manner similar to that employed with
Mendelian ratios in a laboratory experiment.
Parents Offspring
Tasters Non-tasters
Taster x Taster observed 0.875 0.125 ± .013
calculated 0.878 0.122 ± .004
deviation 0.003 0.003 ± .014
Taster x Non-taster observed 0.638 0.362 ± .016
calculated 0.651 0.349 ± .006
deviation 0.013 0.013 ± .017
Non-taster x Non-taster observed 0.027 0.973
calculated 0.000 1.000
deviation 0.027 0.027
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Tests of significance have been developed for many different genetic
situations in populations (cf. Bernstein,' Hogben,12' 13, 14 Snyder,22, 23,24
Snyder and Yingling,26 Snyder and Cotterman,25 Cotterman and
Snyder7' 8). Tables have been presented (Snyder22) for obtaining the
expected proportions of recessive offspring from various types of
matings directly from the incidence of the recessive trait in the popula-
tion. Cotterman,5 working in my laboratory, has even shown that unit
factor inheritance may be detected in data comprising but a single
generation, namely, randomly collected pairs of brothers and sisters of
unspecified parentage.
5. The occurrence of genetic linkage between the genes for two
traits does not change the association between these traits in the popula-
tion from what it would be if they were not linked. Stated conversely,
a correlation between two traits in a free-breeding population does not
indicate genetic linkage between the genes for these traits.
From time to time I am asked questions which indicate a widespread
acceptance of the fallacy thatcorrelation indicates linkage. Let me quote
from a letter from a psychiatrist.
Dear Sir,
I have recently read a statement in a genetics chapter in a medical
book to the effect that there are few if any known cases of linkage in
human inheritance. However, I have just completed the reading of
Sheldon's works on The Varieties of Human Physique and The
Varieties of Temperament. It seems that ectomorphs are usually cere-
brotonic, endomorphs are ordinarily viscerotonic and mesomorphs are
as a rule somatotonic. Is not this regular correlation a clear indication
of the linkage of these physical and mental traits? Hoping to hear
from you, I am
Yours sincerely,
A correlation between two traits in the general population is most
likely to be the result of the same gene or group of genes acting on both
characters. It may also occur as a result of the racial grouping of genes.
It is never the result of linkage. Linkage of the genes for two traits does
indeed cause a correlation between them, but the correlation is within
the offspring of individual families, not within the general population.
Furthermore, the correlation will occur only within families of suitable
genetic constitution, namely, those families in which at least one parent
is doubly heterozygous. Moreover, when a correlation does occur, it will
benegative in abouthalfthe families, positive in the other half.
When Dr. Penrose visited our laboratory, he very kindly discussed
this problem with us, and at our request wrote a paper on the topic."8
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The following table of correlations shows the various types which may
occur and the meanings that are to be ascribed to them.
Relationship between Correlation betweenthe
two characters two characters
Inthegeneral Withinthe
population family
Genetically linked 0 + or
Not linked 0 0
Due to same gene + +
Due to allelic genes _
Racially grouped + 0
The correlation in the general population, then, between physical
and mental types would be due, in so far as it may be genetically de-
termined, to the same gene or constellation of genes, and not to linkage.
Penrose"6, 17 has devised excellent methods for detecting genetic
linkage in man. Other methods have been suggested by Bernstein,2
Wiener,29 Fisher,'0 Finney,9 and others. By the application of such
methods some progress is being made in the mapping of human
chromosomes (cf. Snyder24).
In the foregoing sections I have tried to codify, in the form of
principles, the underlying theorems of the study of human population
genetics. I hope that it may have cleared up some of the problems
which have occurred to you.
In closing I would like to add one more statement; not a principle,
but rather an observational fact arising out of the study of human popu-
lation genetics. It is as follows:
Human populations, in so far as they have been studied, differ
mainly in theproportions ofthe various alleles they contain, rather than
in the kinds of alleles they contain.
Accurate estimates of the proportions of particular genes and their
alleles in various human populations have been made in relatively few
cases, largely because we know the exact mode of inheritance of only a
small portion of human traits, and because in many of these, one allele
of the pair is quite rare. Strandskov28 has pointed out that the major
problems confronting us in the genetics of human populations are: (1)
the determination of the genetic compositions of human populations at
given moments in their history, (2) the discovery of the factors which
change the genetic composition of such populations, and (3) the de-
termination of the manner and extent of the effect of each of these
factors.
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Many of the theoretical implications of the evolutionary effects of
mutation, selection, migration, isolation, and random drift of gene pro-
portions have been worked out by Wright, Haldane, Fisher and others.
Recently experimental attacks upon the problems of population genetics
have been successfully undertaken by Spencer, Dobzhansky, and others.
In spite of the inherent difficulties of carrying out such programs in
human populations, some progress has been made. Among the genes,
the proportions of which have been accurately determined in various
populations, are those for the A-B blood groups, the M-N blood types,
the Rh factors, the taste deficiency to phenyl-thio-carbamide, and red-
green color-blindness. It is important that similar determinations be
made for other gene proportions as rapidly as possible, in order that we
may have adequate descriptions of human populations. This implies a
vigorous and extensive program in human genetics throughout the
world.
Some examples of phenotype proportions and gene proportions for
various traits invarious populations are given in tables 1 to 6. Individual
citations for these proportions, and more extensive examples of them,
may be found in Snyder,19 Boyd,4 Strandskov,27 28 Wiener,3O and
Gates."1
Itwillbenoted thateach allele is represented in each population, but
that the relative proportions of the alleles differ from group to group.
There are sound reasons for believing that the same thing will be found
to hold forpractically all humangenes whenthey are adequately studied.
For example, the gene for sickle cell trait, which appeared at first to be
confined to Negroes, has been found occasionally in white individuals
with nodetectableNegro ancestry. Thegene for thallasemia, foundmost
commonly among the Mediterranean races, has been reported in
Australia.
The extreme positions held-by those who on the one hand claim
that there are no genetic differences between human races, and those
who on the other hand hold that certain races are "superior" and others
"inferior," require drastic modification in the light of modern scientific
advances in the studyof the genetics of human populations.
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TABLE 1
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR THE BLOOD GROUPS IN VARIOUS POPULATIONS. IN THE TABLE, p REPRESENTS THE PROPORTION OF THE GENE FOR ANTIGEN A, q THE PROPORTION OF THE GENE FOR ANTIGEN B, AND r THE PROPORTION OF THE GENE FOR NEITHER ANTIGEN.
Population
Americans, N. C.
Americans, N. Y.
American Indians
Arabs
Australian aborigines
Bantu
Chinese
Danes
Egyptians
English
Eskimos
Filipinos
Formosans
French
Germans
Gypsies
Hindus
Hottentots
Hungarians
Icelanders
Irish
Italians
Japanese
Javanese
Koreans
Malays
Melanesians
Negroes, U.S.A.
Negroes, Congo
Polynesians
Turks
Ukranians
Investigator
Snyder
Wiener
Snyder
Parr
Birdsell and Boyd
Eldson-Dew
Yang-Fung-Min
Thomsen
Shousha
Vaughan
Hansen
Grove
Kondo
Parr
Schiff
Gartner
Malone
Pyper
Kiss
Jonsson
Sachs
Lattes et al.
Many workers
Bais et al.
Furuhata et al.
Lehmann
Bylmer
Snyder
Bruynoghe and Walravens
Stephenson
Babacan
Hecker et al.
20,000 .257 .071
4,370 .244 .101
453 .038 .005
795 .278 .160
805 .260 .014
5,000 .138 .116
5,416 .211 .169
1,151 .276 .066
417 .270 .245
4,032 .238 .056
1,663 .351 .043
442 .152 .196
835 .128 .213
1,197 .287 .093
39,174 .285 .110
925 .208 .265
2,357 .179 .261
506 .200 .190
4,242 .274 .132
800 .193 .063
2,435 .193 .073
17,157 .257 .105
301,959 .276 .171
1,346 .171 .191
9,434 .239 .234
412 .218 .213
1,471 .128 .128
500 .181 .134
500 .165 .177
500 .103 .118
500 .293 .116
2,075 .276 .161
No. p q .'
.672
.654
.955
.582
.729
.738
.620
.664
.492
.706
.603
.645
.651
.640
.604
.534
.549
.590
.594
.746
.732
.642
.552
.630
.526
.564
.747
.685
.675
.766
.581
.557
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TABLE 2
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR THE BLOOD TYPES
IN VARIOUS POPULATIONS. IN THE TABLE, m REPRESENTS THE PROPORTION OF THE
GENE FOR ANTIGEN M, AND n THE PROPORTION OF THE GENE FOR ANTIGEN N.
Population Investigator No. m n
Ainu Kubo 504 .423 .564
Americans, N. Y. Wiener et al. 6,129 .540 .460
American Indians LandsteinerandLevine 205 .776 .224
Australian aborigines Birdsell and Boyd 730 .178 .822
Chinese Ride 1,029 .575 .425
English Harley et al. 1,522 .546 .450
Eskimos Fabricius 1,063 .816 .184
Germans Schiff et al. 40,255 .552 .448
Japanese Many workers 7,551 .540 .460
Negroes, U.S.A. Wiener et al. 278 .532 .468
Russians Blinov 763 .555 .445
Ukranians Boyd 310 .582 .418
TABLE 3
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR "SECRETING ABILITY" IN VARIOUS POPULATIONS. IN THE TABLE, S REPRESENTS THE PROPORTION
OF THE GENE FOR "SECRETORS' AND S THE PROPORTION OF THE GENE FOR "NON
SECRETORS."
Population Investigator No. S s
Americans, N. Y. Wiener 130 .576 .424
Danes Hartman 100 .490 .510
Finns Putkonen 197 .630 .370
Germans Schiff 363 .532 .468
Japanese Many workers 678 .524 .476
Negroes, U. S. A. Schiff 178 .377 .623
Poles Morzycki 88 .535 .465
TABLE 4
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR THE Rh ANTI- GENS IN VARIOUS POPULATIONS. IN THE TABLE, RO REPRESENTS THE PROPORTION OF THE GENE FOR ANTIGEN Rh'; SIMILARLY FOR THE OTHER PROPORIIONS.
Population Investigator No. Ro R1 R2 ' r" r
Americans, N. Y. Wiener et al. 1,468 .032 .443 .145 .013 .003 .365
Asiatic Indians Wiener et al. 156 .034 .562 .060 .044 .000 .266
Chinese Wiener et al. 132 .027 .642 .079 .000 .000 .123
Negroes, U.S.A. Wiener et al. 223 .421 .117 .144 .027 .000 .284832 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 5
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR TASTE OF
PHENYL-THIO-CARBAMIDE IN VARIOUS POPULATIONS. IN THE TABLE, T REPRESENTS THE
PROPORTION OF THE GENE FOR TASTE ABILITY, t THE PROPORTION OF THE GENE FOR
TASTE DEFICIENCY.
Population Investigator No. T t
Americans, U.S.A. Snyder 3,643 .455 .545
American Indians Levine and Anderson 183 .753 .247
Arabs Hudson et al. 400 .395 .605
Armenians Parr 294 .430 .570
Chinese Chen 167 .755 .245
Egyptians Hickman 208 .510 .490
Formosans Rickimaru 1,756 .776 .224
Germans Gottschick 183 .387 .613
Japanese Rickimaru 8,824 .734 .266
Koreans Fukuoka .830 .170
Negroes, U.S.A. Lee 533 .697 .303
Negroes, Sudan Lee 805 .795 .205
TABLE 6
REPRESENTATIVE EXAMPLES OF THE PROPORTIONS OF THE GENES FOR COLOR VISION
IN VARIOUS POPULATIONS. IN THE TABLE, C REPRESENTS THE PROPORTION OF THE
GENE FOR COLOR VISION, c THE PROPORTION OF THE GENE FOR RED-GREEN
COLOR-BIUNDNESS.
Population Investigator No. C c
Americans, US.A. Miles 1,286 .918 .082
American Indians Clements 1,016 .980 .020
Chinese Chang 1,164 .931 .069
Eskimos Clements 125 .992 .008
Germans von Planta 2,000 .920 .080
Lapps Clements 269 .937 .063
Mexicans Garth 1,094 .976 .024
Negroes, U.S.A. Crooks 2,019 .961 .039
Norwegians Waaler 9,049 .920 .080
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